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Recombinant human insulin-like 
growth factor-1 promotes osteoclast 
formation and accelerates orthodontic 
tooth movement in rats
Background: IGF-1 may be an important factor in bone remodeling, but 
its mechanism of action on osteoclasts during orthodontic tooth movement 
is complex and unclear. Methodology: The closed-coil spring was placed 
between the left maxillary first molar and upper incisors with a force of 
50 g to establish an orthodontic movement model. Eighty SD rats were 
randomized to receive phosphate buffer saline or 400 ng rhIGF-1 in the 
lateral buccal mucosa of the left maxillary first molar every two days. Tissue 
sections were stained for tartrate-resistant acidic phosphatase (TRAP), the 
number of TRAP-positive cells was estimated and tooth movement measured. 
Results: The rhIGF-1 group exhibited evidential bone resorption and lacuna 
appeared on the alveolar bone compared to the control group. Moreover, the 
number of osteoclasts in compression side of the periodontal ligament in the 
rhIGF-1 group peaked at day 4 (11.37±0.95 compared to 5.28±0.47 in the 
control group) after the orthodontic force was applied and was significantly 
higher than that of the control group (p<0.01). Furthermore, the distance 
of tooth movement in the rhIGF-1 group was significantly larger than that of 
the control group from day 4 to day 14 (p<0.01), suggesting that rhIGF-1 
accelerated orthodontic tooth movement. Conclusion: Our study has showed 
that rhIGF-1 could stimulate the formation of osteoclasts in the periodontal 
ligament, and accelerate bone remodeling and orthodontic tooth movement.
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Introduction
Currently, the research on immune biomarkers 
of tooth root surrounding tissues is a hot spot.1-3 
Orthodontic tooth movement depends on the remodeling 
of tissues surrounding the roots. The periodontium is 
composed of three closely related structures: alveolar 
bone, periodontal ligament (PDL) and cementum, which 
plays an important role in orthodontic tooth movement4. 
The periodontal ligament connects the cementum to 
the alveolar bone by Sharpey’s fibers and undergoes 
remodeling in homeostasis and orthodontic tooth 
movement. Osteoclasts derive from the hematopoietic/
monocyte lineage and are replaced every few months 
in the periodontal ligament and alveolar bone.5
Accelerating orthodontic tooth movement could 
shorten treatment duration and in combination with 
corticectomy-assisted tooth movement could promote 
post-treatment stability and has been intensively 
investigated.6 The remodeling of the periodontal 
tissue relies on the physiological process of balancing 
osteoblasts and osteoclasts under the regulation of 
various biological factors and complicated molecular 
mechanisms to lead to tooth movement due to 
mechanical force. Hu, et al.7 (2016) investigated the 
effects of recombinant growth hormone on orthodontic 
tooth movement in rats and found that recombinant 
growth hormone treatment increased the number 
of insulin-like growth factor-1 (IGF-1) positive 
osteoclasts in the periodontal ligament and accelerated 
tooth movement.7 Xu, et al.8 (2014) showed that 
local injection in rats of recombinant human TGF-α1 
noticeably increased the number of osteoclasts and 
stimulated tooth movement.
IGF-1 is crucial for bone cell function and skeletal 
development and maintenance and is the major 
mediator of growth hormone-induced bone growth. 
Osteocytes express high quantities of IGF-1,9 which 
is one of the earliest bone responses to mechanical 
loading.10 IGF-1 may be an important factor in bone 
remodeling, and changes in IGF-1 content during tooth 
movement in orthodontic patients may be involved 
in alveolar bone remodeling.11 The mechanical load 
of PDL is closely related to the autocrine/paracrine 
expression of IGF components, which leads to a long-
term organized remodeling of alveolar bone.12 IGF-1 
may also modulate the bone remodeling process by 
its actions on osteoblasts and osteoclasts. Osteoclasts 
are the major cell for bone resorption, which plays a 
pivotal role in remodeling the alveolar bone during the 
movement of orthodontic tooth.13,14 The study showed 
that recombinant human growth hormone could 
stimulate IGF-1 expression in PDL, and accelerate 
bone remodeling and tooth movement.7 Recombinant 
human IGF-1 (rhIGF-1) is now in the research spotlight 
because of the role of IGF-1 in tooth bone remodeling 
and movement. Our study aimed at investigating the 
effect of rhIGF-1 on the number of osteoclast formation 
in periodontal tissue and changes of orthodontic tooth 
movement in SD rats.
Methodology
Animals
The study protocol was approved by the local 
ethics committee at the authors’ affiliated hospital. 
Animal study was conducted in strict accordance with 
the established institutional guidelines on the use of 
experimental animals.
Eighty 6-8 weeks old male Sprague-Dawley (SD) 
rats (Animal permit No.: SCXK (Yu) 2007017; the 
Experimental Animal Center of the Third Military 
Medical University, Chongqing, China), weighing 200-
250 g each, were housed at a constant temperature 
(20-22°C) at 50-70% humidity with a 12 h light/
dark photoperiod. They were allowed one week to 
accommodate. Then, the rats were placed in the supine 
position and received an intraperitoneal injection of 
10% chloral hydrate (0.35 mL/100 g). The fine emery 
of turbine was used to grind 0.2 mm grooves mm on 
the medial buccal and lateral axis of the tongue on 
the gingival of the left maxillary first molar and the 
upper maxillary incisor for fixation of the wire ligation. 
The two maxillary incisors acted as the anchorage 
teeth, with a designed force of 50 g with the use of 
GAC Ni-Ti spiral spring (Shanghai, China) between 
the upper incisor and the first molar to move the left 
maxillary first molar mesially.7,15 Moreover, the lower 
anterior teeth were ground to prevent the breakage of 
appliance (Figure 1). The appliances were monitored 
regularly in case there was any breakdown. All rats 
were fed with softer foods on the first two days after 
the appliances were used.
The rats were then randomized to receive 
phosphate buffer saline (PBS) (the control group) or 
400 ng rhIGF-1 (Pepro-Tech, USA) (the rhIGF-1 group) 
in the lateral buccal mucosa of the left maxillary first 
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molar every two days.16 
TRAP staining
The rats were sacrificed by transcranial perfusion 
at days 1, 4, 7, 10, and 14 after the orthodontic 
force was applied, and subjected to fixation with 4% 
paraformaldehyde. The left ventricle was thoroughly 
rinsed with 250 mL normal saline at 37°C. The left 
maxillary was preserved in 4% paraformaldehyde for 18 
to 24 hours at 4°C and then decalcified at 4°C for up to 
a month and a half in 15% ethylenediaminetetraacetic 
acid (EDTA, pH 7.4), which was replenished every 
week until the preserved sample was penetrated 
easily with a pin. The palatal side of the sample was 
trimmed and rendered parallel with the main axis of 
the first molar. The specimens underwent gradient 
alcohol dehydration and xylene replacement, followed 
by paraffin embedding. The molar was sectioned in 
the sagittal plane at a thickness of 4 μm, and then 
mounted on a polylysine processed glass slide.
Staining for tartrate-resistant acidic phosphatase 
(TRAP), a marker enzyme for odontoclasts, was 
performed with the TRAP assay kit following the 
manufacturer’s recommendations (Sigma Aldrich, St. 
Louis, MO, USA) and TRAP-positive cells were estimated 
by examining two sections per sample. Odontoclasts 
in four randomly chosen visual fields (×400) covering 
more than one-third of the periodontal membrane and 
the area of the alveolar bone on the compression side 
of the root apex were estimated. The staining intensity 
was evaluated with the use of Image-Pro Plus 6.0 
(USA). In our study, Odontoclasts represented the 
multi-core eosinophilic giant cells on the surface of 
the alveolar bone or the lacunae of broken bone on 
the edge of irregular bones.
Measurement of tooth movement
A single tray of potassium alginate impression 
material was used to take the maxillary impression 
of rats before and after the pressure side dental 
operation, and the impression was perfused to 
form a plaster model.17 The models were placed 
horizontally on the observation platform of the XTL-
3400C stereomicroscope (Shanghai, China). The 
conjunctive plane was parallel to the ground, and 
was of the same height as the observation platform. 
Images were captured using a JVC digital camera 
with 40× magnification to set the length scale. The 
model image was acquired using a computer, and the 
proximal middle lingual groove of the first molar and 
the distal middle surface of the second molar were 
marked. The distance between the two points was 
determined at least three times independently using 
YR-MV1.0 microscopic image measurement software18 
and the mean value was used. The distance difference 
between two points before and after the operation is 
the distance of the first molar on the afterburner side. 
Statistical analysis
Data were presented as mean ± standard deviation 
( x ±sd). Statistical analysis was performed with the 
SPSS version 16.0 software (SPSS Inc., Chicago, IL, 
USA). A one-way analysis of variance (ANOVA) was 
applied for comparison between the two groups for 
the number of osteoclasts at different time points 
of compression. The t-test was applied for the 
comparisons of tooth movement and the number of 
osteoclasts between two groups. A p<0.05 represented 
the significant statistical difference. 
Figure 1- The orthodontics appliance and rat tooth movement 
model. The Ni-Ti closed-coil spring was wrapped with orthodontic 
ligation wire, a 50 g force was applied to the left first molar of the 
rats, and the other end was attached to the ipsilateral incisor
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Results
rhIGF-1 promotes the osteoclasts formation 
on the compression side of the alveolar bone 
surface 
Figure 2 shows the distribution of pressure-side 
osteoclasts in the rhIGF-1 group and the control group 
at different time. Histological observations showed few 
osteoclasts, which had a small cell volume and less 
abundant nucleus, at Day 1 after the orthodontic force 
was applied in both groups. At Day 4, the number and 
volume of osteoclasts on the pressure side increased, 
and obvious bone resorption lacunae appeared on the 
alveolar bone.  At Day 7, the cell volume decreased and 
Figure 2- Histological observations of osteoclasts on the compression side. The red areas shown by the blue arrow are osteoclasts, the 
blue arrows indicate osteoclasts in red stained for TRAP, the yellow arrows indicate the cementum, and the green arrows indicate the 
alveolar bone. Magnification, ×400
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the bone lacunae were flat. The number of osteoclasts 
did not change significantly from Day 10 to Day 14.
Moreover, the number of osteoclasts in compression 
side of the periodontal ligament in the rhIGF-1 group 
peaked at day 4 (11.37±0.95, compared to 5.28±0.47 
in the control group) after the orthodontic force was 
applied, and was significantly higher than that of the 
control group at day 1, 4, 7 and 10 (p<0.01) (Figure 
3). Afterwards, the number of TRAP-positive cells 
decreased in the rhIGF-1 group and remained stable. 
However, the activation and accumulation of TRAP-
positive cells were observed at day 7 in the control 
group.  
rhIGF-1 accelerates orthodontic tooth 
movement 
We determined orthodontic tooth movement at 
different time points. Both groups showed time-
dependent increase in the distance of orthodontic tooth 
movement (Table 1). Furthermore, the distance of 
tooth movement in the rhIGF-1 group was significantly 
larger than that of the control group from Day 4 to 
Day 14 (p<0.01), suggesting that rhIGF-1 accelerated 
orthodontic tooth movement.
Discussion
Bone regeneration is a complicated process 
involving multiple cell types and numerous factors, 
with a finely tuned balance between bone formation 
and bone resorption mediated by osteoblasts and 
osteoclasts that are subject to direct regulation by local 
cytokines. Bone IGF is one of the most abundant cell 
growth factors in the bone, and plays a pivotal role in 
the regulation of bone formation and resorption. Our 
study showed that rhIGF-1 significantly stimulated 
the formation of osteoclasts in the alveolar bone, 
promoted bone resorption and enhanced orthodontic 
tooth movement in rats, suggesting that rhIGF-1 could 
be a promising therapeutic agent for accelerating 
orthodontic tooth movement. 
Several studies19 have shown that IGF-1 influences 
the activity of both osteoblasts and osteoclasts 
on the compression side, which promotes bone 
reconstruction. Reports supported by Kheralla, et 
al.12 (2010) revealed that IGF-1 can induce the 
transformation of stromal cells and mediate the 
differentiation of osteoclasts and osteoblasts, with 
the ability to regulate bone reconstruction. It is a 
mitogenic factor and promotes cellular proliferation 
and differentiation. The activation of osteoclasts 
plays an important role in the reconstruction of 
alveolar bone. Mochizuki, Sakai and Iwashita20 (2006) 
demonstrated that the number of TRAP-positive cells 
increased evidently with different doses of IGF-1 in 
the presence of 1,25-(OH)2D3 and macrophage colony 
stimulating factor (M-CSF), indicating the function of 
IGF-1 in promoting the differentiation from osteoclast 
precursors to osteoclasts. The differentiation of 
osteoclasts plays an important role in the process of 
orthodontic tooth movement.21 In our study, 400 ng 
rhGF-1 was administered based on the doses of earlier 
experiments and noticeably increased the number of 
osteoclasts on the compression side of the first molar 
when compared with the control group. At Day 4 after 






*: P<0.01 compared to the control group
Table 1- Tooth movement of two groups (mm, mean±sd, n=8)
Figure 3- Changes of the number of osteoclasts in periodontal 
ligament of rats in two groups from 1 to 14 days after orthodontic 
force was applied. *: p<0.01, compared to the control group
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the mechanical force was applied on the orthodontic 
tooth, numerous TRAP-positive cells were observed on 
the surface of the alveolar bone, which were activated 
and accumulated around the bone resorption lacuna, 
indicating an active bone absorption. The number of 
osteoclasts peaked earlier in the rhIGF-1 group, which 
is consistent with greater orthodontic tooth movement 
when compared with the control group, revealing that 
rhIGF-1 could promote osteoclast proliferation and 
differentiation, and accelerate bone reconstruction. 
Although the selection of random field images in our 
statistical analysis may have influenced the results, the 
research of other scholars also supports our results. 
These results suggested that IGF-1 might participate in 
alveolar bone reconstruction by stimulating osteoclast 
differentiation and proliferation partially, and promote 
orthodontic tooth movement.
Studies22-26 have shown that IGF-1 influences 
the differentiation and proliferation of osteoclasts. 
However, the potential mechanism of IGF-1 that 
promotes the proliferation and differentiation of 
osteoclasts is complex and unknown. Some studies 
found that osteoprotegerin (OPG) was associated 
with tooth movement.27,28 Hill, Reinolds and Meikle29 
(1995) found that IGF modulated bone absorption by 
regulating OPG. Kobayashi, et al.30 (2000) showed that 
the expression of RANKL mRNA increased evidently 
in the maxillary first molar by applying the force on 
orthodontic tooth. RANKL is an essential factor for 
osteoclast differentiation, which is expressed on the 
surface of osteoblasts by binding to osteoclast or 
the RANK receptor on the surface of its precursor 
cells to stimulate the formation and differentiation of 
osteoclasts.31,32 In the process of tooth movement, 
the OPG/RANK/RANKL system33,34 is the key in 
regulating osteoclast differentiation and alveolar bone 
reconstruction. The aforementioned studies have 
suggested that IGF-1 may indirectly act on osteoclasts 
through the OPG/RANK/RANKL system and regulate 
the differentiation and proliferation of osteoclasts. 
Exogenous rhIGF-1 can promote remodeling of 
orthodontic periodontium by acting on osteoclasts to 
accelerate the movement of teeth. However, further 
studies are needed to confirm the function of IGF-1 
and its mechanism in promoting the reconstruction of 
orthodontic periodontal tissues.
Conclusion 
In conclusion, our study showed that rhIGF-1 
could stimulate the formation of osteoclasts in the 
periodontal ligament and accelerate bone remodeling 
and orthodontic tooth movement.
Funding
This study was supported by Special Key Laboratory 
Construction Project of Higher Education Institution in 
Guizhou Province (No. [2013]109) and Key Subject 
Construction Project of Guizhou Province (No. 
[2017]5).
Author disclosure statement
The authors declare no conflicts of interest.
Authors' contributions
Peng, Ju-Xiang: Conceptualization (Lead); Data 
curation (Equal); Writing-original draft (Lead). Guan, 
Xiao-Yan: Conceptualization (Equal); Data curation 
(Lead); Formal analysis (Lead); Resources (Equal). 
Li, Gao-Hua: Formal analysis (Equal); Investigation 
(Equal); Methodology (Equal). Zhong, Jian-Li: 
Methodology (Equal); Project administration (Equal); 
Resources (Equal); Software (Equal). Song, Ju-Kun: 
Funding acquisition (Equal); Resources (Equal); 
Software (Equal); Validation (Equal). Xiao, Lin-Lin: 
Funding acquisition (Equal); Investigation (Equal); 
Project administration (Equal). Jin, Su-Han: Project 
administration (Equal); Software (Equal); Supervision 
(Equal); Visualization (Equal). Liu, Jian-Guo: 
Supervision (Lead); Visualization (Lead). 
References
1- Isola G, Alibrandi A, Currò M, Matarese M, Ricca S, Matarese 
G, et al. Evaluation of salivary and serum ADMA levels in patients 
with periodontal and cardiovascular disease as subclinical marker of 
cardiovascular risk. J Periodontol. Forthcoming 2020. doi: 10.1002/
JPER.19-0446
2- Isola G, Polizzi A, Alibrandi A, Williams RC, Leonardi R. Independent 
impact of periodontitis and cardiovascular disease on elevated soluble 
urokinase-type plasminogen activator receptor (suPAR) levels. J 
Periodontol. Forthcoming 2020. doi: 10.1002/JPER.20-0242
3- Isola G, Polizzi A, Patini R, Ferlito S, Alibrandi A, Palazzo G. 
Association among serum and salivary A. actinomycetemcomitans 
specific immunoglobulin antibodies and periodontitis. BMC Oral Health. 
2020;20(1):283. doi: 10.1186/s12903-020-01258-5
4- Masella RS, Meister M. Current concepts in the biology of orthodontic 
tooth movement. Am J Orthod Dentofacial Orthop. 2006;129(4):458-
68. doi: 10.1016/j.ajodo.2005.12.013
Recombinant human insulin-like growth factor-1 promotes osteoclast formation and accelerates orthodontic tooth movement in rats
J Appl Oral Sci. 2021;29:e202007917/7
5- Davidovitch Z. Tooth movement. Crit Rev Oral Biol Med. 
1991;2(4):411-50. doi: 10.1177/10454411910020040101
6- Huang H, Williams RC, Kyrkanides S. Accelerated orthodontic tooth 
movement: molecular mechanisms. Am J Orthod Dentofacial Orthop. 
2014;146(5):620-32. doi: 10.1016/j.ajodo.2014.07.007
7- Hu YJ, Liu WT, Wang YL, He H. [Effects of recombinant human 
growth hormone on local expression of insulin-like growth factor- 
during orthodontic tooth movement]. Zhonghua Kou Qiang Yi 
Xue Za Zhi. 2016;51(6):374-8. Chinese. doi: 10.3760/cma.j.is
sn.1002-0098.2016.06.011
8- Xu YH, Li GH, Liu JG, Guan XY. [Effect of local injection of rhTGF-α1 
on osteoclasts during orthodontic tooth movement in rats]. Shanghai 
Kou Qiang Yi Xue. 2014;23(4):423-6. Chinese
9- Crane JL, Cao X. Function of matrix IGF-1 in coupling bone resorption 
and formation. J Mol Med (Berl). 2014;92(2):107-15. doi: 10.1007/
s00109-013-1084-3
10- Lean JM, Mackay AG, Chow JW, Chambers TJ. Osteocytic expression 
of mRNA for c-fos and IGF-I: an immediate early gene response to an 
osteogenic stimulus. Am J Physiol. 1996;270(6 Pt 1):E937-45. doi: 
10.1152/ajpendo.1996.270.6.E937
11- Saggese R, Federico G, Gandini P. The IGF-1--IGFBPs system in 
the crevicular fluid: its changes during orthodontic movement. Prog 
Orthod. 2005;6(1):114-8.
12- Kheralla Y, Götz W, Kawarizadeh A, Rath-Deschner B, Jäger 
A. IGF-I, IGF-IR and IRS1 expression as an early reaction of PDL 
cells to experimental tooth movement in the rat. Arch Oral Biol. 
2010;55(3):215-22. doi: 10.1016/j.archoralbio.2010.01.002
13- McCormick RK. Osteoporosis: integrating biomarkers and other 
diagnostic correlates into the management of bone fragility. Altern 
Med Rev. 2007;12(2):113-45.
14- Di Domenico M, D’apuzzo F, Feola A, Cito L, Monsurrò A, Pierantoni 
GM, et al. Cytokines and VEGF induction in orthodontic movement 
in animal models. J Biomed Biotechnol. 2012;2012:201689. doi: 
10.1155/2012/201689
15- Kunimatsu R, Kimura A, Tsuka Y, Horie K, Yoshimi Y, Awada T, 
et al. Baicalin inhibits root resorption during tooth movement in a 
rodent model. Arch Oral Biol. 2020;116:104770. doi: 10.1016/j.
archoralbio.2020.104770
16- Lovschall H, Fejerskov O, Flyvbjerg A. Pulp-capping with 
recombinant human insulin-like growth factor I (rhIGF-I) in rat molars. 
Adv Dent Res. 2001;15:108-12. doi: 10.1177/08959374010150010301
17- Likitmongkolsakul U, Smithmaitrie P, Samruajbenjakun B, 
Aksornmuang J. Development and validation of 3D finite element 
models for prediction of orthodontic tooth movement. Int J Dent. 
2018;2018:4927503. doi: 10.1155/2018/4927503
18- Li G, Peng J, Zhong J, Liu J, Guan X, Xu Y, et al. [Comparative 
study of measurements in experimental orthodontic tooth movement]. 
Int J Stomatol. 2010;37(4):400-2. Chinese.
19- Fang Y, Wang LP, Du FL, Liu WJ, Ren GL. Effects of insulin-like growth 
factor I on alveolar bone remodeling in diabetic rats. J Periodontal Res. 
2013;48(2):144-50. doi: 10.1111/j.1600-0765.2012.01512.x
20- Mochizuki T, Sakai K, Iwashita M. Effects of insulin-like growth 
factor (IGF) binding protein-3 (IGFBP-3) on endometrial cancer (HHUA) 
cell apoptosis and EGF stimulated cell proliferation in vitro. Growth 
Horm IGF Res. 2006;16(3):202-10. doi: 10.1016/j.ghir.2006.05.002
21- Holland R, Bain C, Utreja A. Osteoblast differentiation during 
orthodontic tooth movement. Orthod Craniofac Res. 2019;22(3):177-
182. doi: 10.1111/ocr.12308
22- Abu-Amer Y, Abbas S, Hirayama T. TNF receptor type 1 
regulates RANK ligand expression by stromal cells and modulates 
osteoclastogenesis. J Cell Biochem. 2004;93(5):980-9. doi: 10.1002/
jcb.20197
23- Li X, Pilbeam CC, Pan L, Breyer RM, Raisz LG. Effects of 
prostaglandin E2 on gene expression in primary osteoblastic cells from 
prostaglandin receptor knockout mice. Bone. 2002;30(4):567-73. doi: 
10.1016/s8756-3282(02)00683-x
24- Ma YL, Cain RL, Halladay DL, Yang X, Zeng Q, Miles RR, et 
al. Catabolic effects of continuous human PTH (1--38) in vivo is 
associated with sustained stimulation of RANKL and inhibition of 
osteoprotegerin and gene-associated bone formation. Endocrinology. 
2001;142(9):4047-54. doi: 10.1210/endo.142.9.8356
25- Nakashima T, Kobayashi Y, Yamasaki S, Kawakami A, Eguchi 
K, Sasaki H, et al. Protein expression and functional difference of 
membrane-bound and soluble receptor activator of NF-kappaB ligand: 
modulation of the expression by osteotropic factors and cytokines. 
Biochem Biophys Res Commun. 2000;275(3):768-75. doi: 10.1006/
bbrc.2000.3379
26- Wang QP, Yang L, Li XP, Xie H, Liao EY, Wang M, et al. Effects 
of 17β-estradiol on adiponectin regulation of the expression of 
osteoprotegerin and receptor activator of nuclear factor-κB ligand. 
Bone. 2012;51(3):515-23. doi: 10.1016/j.bone.2012.05.011
27- Li Y, Jacox LA, Little SH, Ko CC. Orthodontic tooth movement: the 
biology and clinical implications. Kaohsiung J Med Sci. 2018;34(4):207-
214. doi: 10.1016/j.kjms.2018.01.007
28- Minamoto C, Miyazawa K, Tabuchi M, Hirano M, Mizuno M, Yoshizako 
M, Torii Y, Asano Y, Sato T, Kawatani M, Osada H, Maeda H, et al. 
Alteration of tooth movement by reveromycin: a in osteoprotegerin-
deficient mice. Am J Orthod Dentofacial Orthop. 2020 May;157(5):680-
689. doi: 10.1016/j.ajodo.2019.04.037
29- Hill PA, Reynolds JJ, Meikle MC. Osteoblasts mediate insulin-
like growth factor-I and -II stimulation of osteoclast formation 
and function. Endocrinology. 1995;136(1):124-31. doi: 10.1210/
endo.136.1.7828521.
30- Kobayashi Y, Hashimoto F, Miyamoto H, Kanaoka K, Miyazaki-
Kawashita Y, Nakashima T, et al. Force-induced osteoclast apoptosis 
in vivo is accompanied by elevation in transforming growth factor beta 
and osteoprotegerin expression. J Bone Miner Res. 2000;15(10):1924-
34. doi: 10.1359/jbmr.2000.15.10.1924
31- Alfaqeeh SA, Gaete M, Tucker AS. Interactions of the tooth and 
bone during development. J Dent Res. 2013;92(12):1129-35. doi: 
10.1177/0022034513510321
32- Martin TJ. Historically significant events in the discovery of RANK/
RANKL/OPG. World J Orthop. 2013;4(4):186-97. doi: 10.5312/wjo.
v4.i4.186
33- Shao B, Yu Y, Fu X, Xue H, Qi M, Shuai Y, et al. [RANKL and 
OPG expression in bone marrow-derived mesenchymal stem cells of 
ovariectomied promotes osteoclast development and enhances its 
function]. Xi Bao Yu Fen Zi Mian Yi Xue Za Zhi. 2013;29(12):1262-6. 
Chinese
34- Leibbrandt A, Penninger JM. RANK/RANKL: regulators of immune 
responses and bone physiology. Ann N Y Acad Sci. 2008;1143:123-50. 
doi: 10.1196/annals.1443.016
PENG JX, GUAN XY, LI GH, ZHONG JL, SONG JK, XIAO LL, JIN SH, LIU JG
